by liquid scintillation counting. CaMV DNA in total cellular nucleic acid preparations isolated from callus and leaf tissue (Covey et al., 1983) was also analysed by spot hybridization. The fraction soluble in 3 M-sodium acetate contained most of the unencapsidated CaMV DNA and little or no encapsidated viral DNA (Hull & Covey, 1983 b) . Virion DNA was liberated using the method of Gardner & Shepherd (1980) . DNA was also fractionated in 1.1 ~ agarose slab gels by electrophoresis in 25 mM-Tris-acetate buffer pH 7.9, 5 mM-sodium acetate, 1 mM-EDTA at 1-5 V/cm for 20 h and then blotted onto nitrocellulose (Southern, 1975) . To detect supercoiled DNA, a depurination step was effected by soaking the gel in 0.25 M-HC1 for 20 rain then in 0.5M-NaOH for 20rain before neutralization and blotting. Blots were probed with a recombinant clone (pMD324) containing full-length CaMV DNA which had been labelled by nick translation. Explants of systemically infected turnip leaves, which were taken 21 days after inoculation of plants and placed on agar containing M & S medium supplemented with 2,4-D and kinetin, proliferated callus cells. Callus was first observed after 4 to 6 days at the edges of the leaf explants. After 20 to 30 days, the original explant was barely discernible and the tissue consisted largely of clustered calluses together with some apparently moribund leaf tissue. When individual calluses were removed from the explant and subcultured separately, they continued to grow, linearly increasing their fresh weight for at least 50 days (see Fig. 2 ).
Total CaMV DNA (free plus encapsidated) was estimated by spot hybridization of whole callus or leaf tissues or of total cellular DNA obtained after Pronase treatment (which releases virion DNA : Gardner & Shepherd, 1980) single explant were found to contain variable amounts of total C a M V D N A when analysed after 24 days in culture ( Fig. 1) . Many of the calluses contained amounts ranging from 5 0~ to 20~o of that normally found in leaf tissue. However, a few calluses contained much less viral D N A than this, or virtually none. Similar variation was also found between 43-day-old calluses which had been generated from a single explant and subcultured for 20 days (data not shown). In this case the total amount of viral D N A was about 6 ~o of that found in infected leaves. Leaf explant tissue which had failed to give rise to callus after 24 days in culture, contained 0 to 4~ of the amount of total CaMV D N A present in leaves at the start of culture. CaMV D N A was also detected by spot hybridization of total cellular D N A extracted from cultured explants or leaf tissue using phenol, a procedure that releases little encapsidated viral D N A and therefore detects only unencapsidated (free) CaMV D N A (Hull & Covey, 1983b) . Table 1 shows the relative amounts of free and encapsidated CaMV D N A in leaf and callus tissue as determined by spot hybridization of phenol-extracted total cellular D N A (containing only free CaMV D N A ) and encapsidated C a M V D N A liberated by Pronase treatment of cellfree extracts. It can be seen that the ratio of encapsidated to free C a M V D N A decreased from a value of 20 : 1 in leaves to 5 : 1 in 45-day-old callus derived from whole explants.
We decided to investigate in more detail the changes in amount of free viral D N A during callus inception and growth. Total cellular D N A was extracted from leaf tissue and from callus tissue of different ages and analysed by spot hybridization with known quantities of C a M V D N A as standards (Fig. 2) . This revealed that the amount of free C a M V D N A in leaves (5 ng Short communication CaMV DNA/~tg cell total DNA) declines to 1 ng CaMV DNA/~tg cell DNA over the first 10 days in culture and thereafter is maintained for at least 45 days as a fairly constant proportion of the cell total DNA in growing callus (Fig. 2) . The unencapsidated CaMV DNA forms found in infected turnip leaves have previously been examined in some detail (Menissier et al., 1982; Hull & Covey, 1983 b; Covey et al., 1983; Turner & Covey, 1984) . They consist of circular, linear and supercoiled molecules and DNA fragments delineated in various combinations by the single-strand discontinuities found in virion DNA. Five major leaf free-DNA forms were resolved by neutral gel electrophoresis as detected by blot hybridization using a full-length CaMV DNA probe (Fig. 3a) . Form 1 (fl) is a slow-migrating genome-length (8 kbp) open-circular molecule; f2 is an 8 kbp linear molecule; f3 consists of a population of molecules of double-stranded DNA with single-strand extensions of variable length; f5 is a truncated double-stranded DNA of approximately half genome length. Form 4 (f4) is a genome-length supercoiled molecule which is not readily detectable by normal blot hybridization because it rapidly renatures and fails to bind to nitrocellulose. However, if a depurination step is included before transfer of nucleic acid from agarose to nitrocellulose, the genome-length supercoiled CaMV DNA, which migrates rapidly in neutral gels (Hull & Covey, 1983b) , can then be observed (Fig. 3c) . The unencapsidated viral DNAs extracted from a 21-day-old callus culture differ strikingly from those of systemically infected leaves (Fig. 3b, d ). Again the depurination step reveals the presence of supercoiled molecules which in callus cells are the most abundant forms (Fig. 3d) . Moreover, in addition to the major, genome-length, supercoiled molecules (f4a), three distinct, more rapidly migrating, supercoiled species (f4b, c, d) were observed (Fig. 3d) . The truncated DNAs abundant in leaves were virtually absent from callus tissue which also contained less full-length linear and open-circular DNA forms than found in leaf extracts. Our analysis of encapsidated viral DNA by gel electrophoresis and blot hybridization revealed no detectable structural differences when that from callus was compared with that from leaves (data not shown).
We have shown that explants from CaMV-infected turnip leaves will proliferate callus under appropriate conditions of culture. CaMV DNA, detected by spot hybridization, persisted in both primary callus and subcultured callus for at least 45 days. We have also detected CaMV DNA in 70-day-old callus (data not shown). Hagen et al. (1982) have reported that callus proliferates from CaMV-infected but not from uninfected turnip leaves. In addition, they found that CaMV was not detectable by rocket immunofluorescence in callus cultures. This contrasts with our findings which show that callus derived from infected leaves contains appreciable quantities of CaMV DNA and this presumably reflects the high sensitivity of the spot hybridization technique . We were also able to obtain rapidly growing callus from non-infected plants (F. Rollo & S. N. Covey, unpublished observations).
Subcultured calluses, taken from one explant from an infected leaf maintained different amounts of CaMV DNA (Fig. 1 ). An explanation for this variability is that infected leaf cells that de-differentiate into dividing cells initially contain variable amounts of virus. CaMV particles are usually associated with subcellular inclusion bodies in leaves (Shalla et al., 1980) and subsequent cell division could result in an uneven distribution of inclusion bodies in callus cells.
Following the initial culture of explants, the amount of unencapsidated (free) CaMV DNA in the callus declined rapidly over the first 10 days and thereafter remained as a fairly constant proportion of the cell total DNA for a further 35 days. This suggests that as callus cells divide, virus replication maintains the level of viral DNA relative to the cell DNA. However, the ratio of encapsidated to free viral DNA was much lower in callus than in leaves and so a second possibility is that encapsidated DNA is gradually converted to free viral DNA; this conversion is probably what happens in the very early stages of the virus multiplication cycle in whole plants. Paszkowski et al. (•983 and J. Paszkowski, personal communication) have found that CaMV replication occurs in about 5 ~o of calluses clonaUy derived from protoplasts of virusinfected turnip leaves. In our experiments, using leaf-derived callus cells, it is unlikely that this low level of replication would be detectable. Thus, viral functions appear to be restricted to the early stages of the infectivity cycle in most of the leaf-derived callus cells.
A striking difference between the free viral DNA in callus cells and that in leaves was the composition of different structural forms (Fig. 3) . It has been suggested (Hull & Covey, 1983b) that the truncated CaMV DNA molecules present in leaves are replication/assembly intermediates or molecules produced by defective replication or nuclease activity in vivo. The initial decline in the amount of free viral DNA during the early stages of callus production (Fig. 2) coincides with the loss of truncated molecules and those DNAs which subsequently persisted were primarily supercoiled molecules with lesser amounts of full-length open-circular and linear forms.
In addition to genome-length supercoiled DNA, three discrete more rapidly migrating, depurination-sensitive (and therefore presumably supercoiled) DNA species were found in callus tissue (Fig. 3) . Their mobility in agarose is consistent with these molecules being of subgenomic size between 7.0 kbp and 7.8 kbp. The function of these subgenomic DNAs or why they should accumulate in callus cells is not yet clear. Olszewski & Guilfoyle (1983) have reported that heterogeneous subgenomic CaMV supercoiled DNAs are present in the nuclei of infected leaves and it is possible that they arise by some recombination mechanism or function as subgenomic transcription templates. Since the major free viral DNA forms of the callus are similar to the transcriptionally active supercoiled molecules of infected leaves, then one possibility is that callus cells with more active nuclei than non-dividing leaf cells support the transcription phase in preference to later stages of the viral replication cycle under our conditions of culture. For completion of the virus replication cycle, RNA transcripts are required as templates for both reverse transcription and protein synthesis. If the rate of viral RNA degradation is greater in dividing callus cells than in non-dividing leaf cells, this could explain why virion production is limited in callus cells. This is currently being investigated.
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